Objective-There is current debate over the issue of the best way of assessing outcome after head injury. One criticism of scales of disability and handicap such as the Glasgow outcome scale (GOS) is that they fail to capture the subjective perspective of the person with head injury. The aims of the study were to investigate aspects of the validity of structured interviews for the GOS, and address the issue of the relation between the GOS and subjective reports of health outcome. Methods-A total of 135 patients with head injury were assessed using the GOS and an extended GOS (GOSE) and other measures of outcome and clinical status at 6 months after injury. Results-There were robust correlations between the GOS and measures of initial injury severity (particularly posttraumatic amnesia) and outcome assessed by disability scales (particularly the disbility rating scale (DRS)); however, associations with cognitive tests were generally modest. There were also strong correlations with self report measures of health outcome: both the GOS and GOSE were related to depression measured by the Beck depression inventory, mental wellbeing assessed by the general health questionnaire, and to all subscales of the short form-36. The GOS scales were also strongly associated with frequency of reported symptoms and problems on the neurobehavioural functioning inventory. Conclusions-The GOS and GOSE show consistent relations with other outcome measures including subjective reports of health outcome; they thus remain useful overall summary assessments of outcome of head injury.
The Glasgow outcome scale (GOS) is the most widely used method to describe overall outcome after head injury. 1 The GOS is quick to administer, can be applied to all cases, and has clinically relevant categories. These practical advantages have led to its widespread adoption in early management studies and clinical trials. We have recently described a standard format for an interview on which to base assessment of GOS category, 2 3 which removes ambiguity, 4 and previous lack of guidelines. 5 This improves the reliability of the scale, 2 but it is important to establish the relation between this format of the GOS, particularly the extended GOS (GOSE), and other measures of outcome and clinical status.
Relations have been reported between the GOS and injury severity, 6 neuropsychological impairment, 6 7 and measures of disability and handicap. [8] [9] [10] [11] However, in outcome assessment there is an increasing focus on measures of health outcome incorporating the person's own perspective. The extent to which assignments on the GOS may miss important aspects of quality of life has not been studied. 8 The present study therefore had two aims. Firstly, to investigate aspects of the validity of the structured interviews for the GOS and GOSE through relating their results to indices of injury severity and subsequent limitations. Secondly, to gain greater understanding of the relation between disability and handicap as assessed by the GOS and other measures of outcome, particularly those reflecting subjective perception of health.
Method

PATIENTS
One hundred and thirty five patients with head injury (113 male patients) who had been admitted to the regional neurosurgical unit were recruited to the study. We excluded patients previously admitted for a neurosurgical or psychiatric disorder, or treatment for alcohol misuse. Informed consent was obtained for all patients. The participants were aged between 16 and 69 (mean (SD) 36.74 (13.92) years). Classified by the worst recorded Glasgow coma score (GCS) 12 48 (36%) patients had severe injury (GCS<8), 28 (21%) a moderate injury (GCS 9-12), and 59 (44%) a mild/minor injury (GCS 12-15). Seventy two (53%) had undergone a neurosurgical operation.
PROCEDURE
Participants were assessed 5 to 10 months after injury (mean (SD) 7.39 (1.19) months) and interviewed either alone (65%) or with a relative or friend (35%). The duration of posttraumatic amnesia (PTA) was determined at interview.
Ratings on the GOS and GOSE were obtained by a research psychologist using a structured interview. 2 The GOS is a five point scale: death, vegetative state, severe disability (SD), moderate disability (MD), and good recovery (GR). The GOSE is an eight point scale in which the last three categories on the GOS are divided into upper and lower bands. The interview to obtain information to apply the GOSE consists of a series of questions covering consciousness, independence inside and outside the home, major social roles (work, social and leisure activities, family and friendships), and return to normal life. The final rating is based on the lowest category of outcome indicated by the responses. For the purposes of this study we did not attempt to distinguish disability due to brain injury from disability due to extracranial injuries occurring at the same time as the head injury. Categories of GOS were obtained by collapsing the subdivisions of the GOSE. Of the 135 participants 39 (29%) were rated as severely disabled, 44 (33%) as moderately disabled, and 52 (39%) as good recovery.
Disability scales
The disability rating scale (DRS) 13 and the Barthel activities of daily living (ADL) index 14 were completed by the interviewer at the time of follow up.
Neuropsychological tests
The tests administered were selected from the portfolio described by a working party of the National Institute of Neurological Disorders and Stroke. 15 The tests were the Rey figure copy and delayed recall; grooved pegboard with left and right hands; controlled oral word association test (COWAT); symbol digit modalities test; trail making form B; and Wisconsin card sort test. In addition, verbal memory ability was assessed using immediate and delayed paired associates learning and immediate and delayed logical memory. 16 We also employed the national adult reading testrevised (NART) as an estimate of before injury. 
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Health outcome
The United Kingdom version of the 36-item short form health survey (SF-36) 18 (n=135), the general health questionnaire 19 (n=109), and the Beck depression inventory 20 (n=109) were administered. The purpose of each questionnaire was explained to the patient with head injury, and all patients indicated that they comprehended the task involved.
Head injury symptoms and problems
The neurobehavioural functioning inventory (NFI) 21 was completed independently by the patient with head injury (n=106) and also by a relative or close friend (n=100). The frequency of occurrence for each item on the NFI was rated on a four point scale: never (1), sometimes (2), often (3), or always (4).
Results
The main relations are summarised first, and then their nature is described in more detail in subsequent sections. Table 1 shows Spearman correlations between the GOS and GOSE ratings and the main variables and measures studied. There are substantial correlations between the GOS and GOSE ratings and measures of both initial injury severity (particularly PTA) and of sequelae of injury assessed by disability scales (particularly the DRS). Relations with cognitive tests are generally more modest, and strongest for controlled oral word association and delayed logical memory. There are strong correlations with self report measures of emotional state and quality of life; thus, the GOS and GOSE ratings were related to the extent of depression measured by the Beck depression inventory, and to each subscale of the SF-36. The GOS and GOSE ratings were also related to all subscales of the NFI, with strongest correlations with the reports provided by relatives or friends.
DEMOGRAPHIC VARIABLES
There was no significant eVect of age on quality of outcome in these survivors of head injury. Preinjury IQ estimated by the NART had modest but significant relations with the GOS and GOSE ratings. There was a stronger correlation between PTA and outcome than between GCS and outcome.
Cross tabulation of GOSE with duration of PTA (table 2) indicated that the relation held across the full range of outcomes. In the lower category of GR 71% of participants had a PTA of greater than 1 day compared with only 33% of participants in the upper category of GR. This is consistent with the sequelae experienced by participants in the lower GR group being at least in part a reflection of more severe brain injury than in the upper GR group. Furthermore the proportion of patients with PTA greater than 7 days was highest (77%) in the lower category of SD, consistent with this group having had the most severe injuries.
DISABILITY SCALES
Scores on the Barthel index of daily living correlated significantly with GOS and GOSE ratings, but showed a very substantial ceiling eVect (fig 1) . Thus, 85% of participants were assigned a maximum score on the Barthel index. Although the categories of the Barthel index discriminate between upper and lower categories of severe disability the ceiling eVect was already apparent in the upper category of SD. The Barthel index reflects competence in activities of daily living within the home, and does not assess abilities necessary for independence outside the home. There was a strong correlation between allocation on the DRS and on the GOS. The relation is illustrated in fig 2, which shows also that there is a ceiling eVect on the DRS in the upper moderate disability range. The DRS apparently does not discriminate eVectively between the top three categories in the GOSE, to which 56% of participants in the current sample were allocated.
COGNITIVE TESTS
There were significant correlations between the GOS scales and eight of the 12 neuropsychological tests (table 1) . To determine if significant relations were due to diVerences in premorbid IQ, partial correlation coeYcients were computed controlling for NART. There were significant (p<0.05) correlations between the GOS in original and extended forms and the results obtained from the COWAT, symbol digit modalities test, grooved pegboard dominant and non-dominant hands, logical memory immediate and delayed; and between the GOSE and paired associates delayed recall. Thus associations between outcome classified by the GOS and the results of cognitive tests do not simply reflect preinjury IQ.
SUBJECTIVE PERCEPTION OF HEALTH OUTCOME
The relation between assignments on the GOSE and the score obtained using the Beck depression inventory is shown in figure 3 . On the GOSE scale, the median values of the Beck scores for the groups are appropriately ordered, apart from the scores reported from the most severely disabled group. This reflects a wide range of values in the lower category of SD,
Figure 5 Relatives' NFI: mean subscale scores of groups in each category of the GOSE. The minimum NFI score is 1 and the maximum is 4. Error bars represent 1 SD.
Relatives, NFI scale score group.bmj.com on April 8, 2017 -Published by http://jnnp.bmj.com/ Downloaded from which contained those reporting the highest levels of depressive symptomatology, but also contained patients reporting relatively little aVective disturbance.
The allocation on the GOS correlated significantly with scores on the general health questionnaire, and with results for each subscale of the SF-36. Standardised scores for the SF-36 were calculated using the norms provided by Jekinson et al. 18 Mean scores of groups in each category of the GOSE for each subscale are illustrated in fig 4. The mean scores of the groups are generally appropriately ordered for each subscale; there was a particularly strong relation between the rating on the GOSE and social functioning.
HEAD INJURY SYMPTOMS AND PROBLEMS
Items in the NFI were grouped into six subscales and mean ratings were calculated. The relation between the GOSE category and the relatives' NFI score is shown in fig 5, and the patients' NFI in fig 6. The figures illustrate consistent associations between NFI subscale scores and the GOSE ratings, particularly for the NFI scores based on reports from relatives or friends. Comparison of figs 5 and 6 indicates that the overall frequency of reports of problems by patients and relatives was similar.
Discussion
The results of this study show good concordance between the GOS scales and injury severity, rating of disability, the results of cognitive testing, measures of the perception of health, and symptoms reported by people with head injury and their relatives. The findings thus strongly support the validity of assigning the GOS using the structured interview, 2 both for the original five category scale and for eight categories in the GOSE. The structured interview specifies criteria for subdividing upper and lower bands of the top three outcome categories, rather than simply depending on the judgement of the rater as originally proposed. 22 We focused on outcome at 6 months, which is often chosen as a follow up period for assessing outcome in studies of patients with head injury. 22 At this stage after injury the severity of the initial injury is still quite closely related to the extent of sequelae. However, adaptation and adjustment continue beyond 6 months, and this may change the relations between the GOS and cognitive impairment 7 and emotional state. 23 The DRS score also showed a strong correlation with the GOS rating, but the results confirm that DRS grades show a ceiling eVect when compared with the GOS. 11 The results support the view that the DRS may be of value in monitoring the progress of severely disabled patients, 10 but is of less value in rating higher levels of outcome. Similarly, the results show that the Barthel index may be of use in subdividing the severely disabled group but it is of no value in discriminating the status of most survivors of head injury.
The current findings are in accord with previous studies of the relation between outcome categories on the GOS and evidence of neuro- psychological impairment that suggested a significant but modest relation. 6 7 24 The finding that cognitive impairment is not more strongly related to social disability after head injury is in line with several recent reports that cognitive status does not have a major influence on disability and handicap. 25 26 The comparisons with the results from the Beck, SF-36, and general health questionnaires showed good general agreement between these subjective measures of health outcome and the GOS and GOSE. Previous work has shown a strong association between the GOS and aVective state 6 months after injury. 23 The results show particularly pronounced separation of GOSE categories on the social functioning subscale of the SF-36. This strongly supports the view that the GOS does not simply reflect physical disability but also encompasses social limitations after head injury. The GOS thus successfully captures aspects of outcome which are significant for emotional adjustment and quality of life.
Boake and High 8 report examples of cases illustrating a dissociation between disability and quality of life after head injury. A severely disabled person may be supported financially and become adjusted emotionally to loss of independence; on the other hand, a moderately disabled person may find themselves in poor circumstances and be much more distressed. These cases raise the issue of whether support for severely disabled patients typically leads to better emotional adjustment in these patients than moderately disabled patients. This is not supported by findings for our sample of patients, although there may be individual exceptions The findings also contradict the common belief that patients with head injury often lack insight into their diYculties. If so, then there should be little or no relation between emotional state and the extent of disability. By contrast, we found that the overwhelming trend is for greater disability and handicap to be associated with poorer subjective outcome. Only in the lower severely disabled category was it possible that a substantial proportion of our patients may have shown loss of insight or paradoxical euphoria.
Appropriate use of the GOS depends on having a clear conception of the strengths and limitations of the scale. The GOS provides an overall measure of social changes due to head injury, and does not provide a detailed assessment of impairment and disability. Simplification is achieved by using a core set of roles to describe major aspects of people's lifestyles, including ability to manage their own aVairs, employment, social and leisure activities, and close relationships. These roles are readily understood by the patient and, in conscious survivors, changes in these roles are used to assess the impact of impairment and disability caused by head injury. It should be borne in mind that the GOS is primarily intended to describe outcome in groups of cases, and is not of value, for example, in the individual assessment necessary for rehabilitation or treatment of specific problems related to head injury. The current comparison between GOS and GOSE ratings and other measures supports the validity of the scales. The results also support the appropriateness of the GOS as an overall summary measure of outcome after head injury. The assessment is relevant to diVerentiating the sequelae of diVerent injuries, and provides a link between the specific sequelae and eVects on wellbeing and lifestyle.
